The Pestivirus envelope glycoprotein E rns has RNase activity and therefore was suspected to enter cells to cleave RNA. The protein contains an RNase domain with a C-terminal extension, which shows homology with a membrane active peptide. The modular architecture and the C-terminal homology suggested that the C-terminus could be responsible for the presumed translocation. Peptides corresponding to the C-terminal domain of E 5 10 15 rns and also the homologous L3-loop of ribotoxin II were indeed able to translocate across the eukaryotic cell membrane and were targeted to the nucleoli. The entire E rns protein was also able to translocate into the cell. Furthermore, other labeled proteins and even active enzymes could be transported inside the cell when they were attached to the C-terminal E rns peptide.
Introduction
Classical swine fever virus (CSFV), bovine viral diarrhea virus (BVDV), and border disease virus (BDV) belong to the genus Pestivirus of the Flaviviridae family (1) . CSFV is restricted to swine whereas BVDV and BDV have been isolated from several species such as cattle, swine, sheep, deer and giraffes (2) . The disease is characterized by fever and hemorrhages and can run an acute or chronic course. Pestiviruses are plus-stranded RNA viruses whose genome comprises one long open reading frame (3) (4) (5) . The structural proteins include a nucleocapsid protein C and three envelope glycoproteins E The envelope glycoprotein E rns is a disulfide linked homodimer of approximately 90 kD and approximately half of the molecular weight is contributed by carbohydrates (7, 8) . It is found on the surface of pestivirus infected cells and is secreted in the medium (8) . E rns was able to bind many cell types (9) and binding of E rns is probably mediated by glycosaminoglycans (10, 11) . Two stretches of E rns show sequence homology with ribonuclease Rh, a new class of microbial ribonuclease of Rhizopus niveus, member of the T 2 /S RNase superfamily (12) . In line with this homology, E rns indeed contains RNase activity (13, 14) . E rns shows immunosuppressive activity since it induced apoptosis in ConA stimulated T-cells of several species (15) . However, the function for its RNase activity remains elusive. Because an extracellular, secreted protein with RNase activity most likely has an intracellular target, it was anticipated that the molecule had some kind of way to enter the cell.
This study describes a modular architecture of the E rns protein and shows that the C-terminal domain was able to translocate across eukaryotic cell membranes. It was verified that also the full-length E rns was translocated into cells and the C-terminal E rns domain could be used as a general transport peptide to bring large enzymes in the cell. The basic E rns peptide seems to have a similar ability to translocate proteins as recently developed carrier peptides like HIV-1
Tat (48-60) and Antennapedia (43-58) (16) (17) (18) .
Experimental Procedures
Peptide synthesis. Peptides were selected from the C-terminal region, (residues 191 -227) of CSFV E rns , strain Alfort 187 (19) and the L3 loop of restrictocin (residues 59 -88) (20) and magainin-1 (21) . Also an unrelated control peptide was synthesized of a length comparable to the pestivirus E rns peptide. TSWLGRQLRI AGKRLEGRSK TWFGAYA-COOH CSFV : biotin-ENARQGAARV TSWLGRQLRI AGKRLEGRSK TWFGAYA-COOH   L3 : biotin-GNGKLIKGRTPIKFGKADCDRPPKHSQNGMGK-NH2 Confocal cell microscopy. Stained cells as described above were analyzed using a confocal laser scanning microscope with an Argon laser, using an excitation wavelength of 488 nm and an emission of 515 nm using a BHS block. for 75 min (the plates were incubated upside down to avoid anchorage), the cells were transferred and plated in wells of tissue culture plates, which contained 100 µl of growth medium. Cell growth was checked after 3 to 6 days.
CSFV : acetyl-ENARQGAARV

Transporter peptides
Colocalization stains. Nucleoli-specific staining was performed as described (24) . In short, cells were incubated for 30 minutes with biotinylated peptide as described above. After washing, the cells were fixed with methanol at -20 °C, washed with sodium acetate buffer ( 0.01M; pH 4.9). Cells were washed and incubated with 40 µl streptavidin-TexasRed (10 µg/ml) at 37 °C. incubated with Acridine Orange (1 µg/ml; RT, pH 4.9), washed and incubated with 0.01% methylgreen (pH4.9). Cells were inspected with fluorescence microscopy at 490 nm, 595/615 nm and at 503/515 nm. (27, 28) . This loop has structural similarity (but no sequence similarity) to loops found in lectin sugarbinding domains and may be responsible for the ribotoxins ability to bind the cell surface (27) . The C-terminal domain of E rns has approximately the same length and contains similar sequence motifs as the ribotoxin II L3 loop ( Figure 3 ). Although the sequence similarity between the ribotoxin L3 loop and the C-terminus of E rns is low ( Figure 3 ), it is higher than the sequence similarity between L3 and the structurally similar lectin binding domains (27) .
Results
Sequence analysis. A structural model of E
Although the ribotoxin L3 loop is also positively charged, it has no apparent amphipathic character. Another interesting homology of the E rns C-terminal region is with the membrane interacting peptide magainin. The center of the E rns peptide has sequence homology with the N-terminal half of magainin ( Figure 3 ). This homology is even higher compared to the homology of magainin with other pore forming peptides that have been described (29 (Figure 4 ).
Peptide translocation. Because the C-terminal region was identified as a separate domain that
shows homology with a pore forming peptide and a peptide that probably interacts with cell surfaces, peptides were synthesized corresponding to the C-terminal domain and tested for translocation activity. Translocation was also observed at 4 °C and could not be competed by a 10 times excess of unbiotinylated E rns peptide (data not shown). Therefore, the mechanism is energy independent and not receptor mediated.
Translocation of homologous peptides and mapping of translocation region.
The part of the E rns C-terminal region responsible for translocation was mapped precisely by testing the translocation activity of a panel of truncations of the E rns peptide and some peptides with Nterminal additions and deletions and C-terminal deletions ( Table 1) . Deletion of the seven most C-terminal residues and the three N-terminal residues increased the translocation activity of the peptide ( Table 1 ). The most active biotinylated peptide (residues 194 -220) still showed fluorescence above background at 250 nM with streptavidin-FITC. Because the E rns peptide showed some resemblance with the ribotoxin L3 loop and some sequence homology with magainin, these peptides were also tested for translocation activity (Figure 6 ).
At 54 to 2 µM the biotinylated E rns peptide and the biotinylated L3 peptide show clear translocation activity and the biotinylated magainin-1 peptide does not. The part of the restrictocin L3-loop responsible for translocation was mapped by testing the translocation activity of a panel of truncations of L3 loop peptides (Table 2) . A short 13-residue peptide Nterminal to the cysteine displayed the highest translocation activity. Toxicity. Effective, non-toxic transport peptides should preferably have high translocation activity and low hemolytic activity and/or toxic activity. To check whether the membrane destabilizing activity had a general toxic effect on cells, hemolytic activity, tryphan blue exclusion and influence on cell growth was tested. EBTr cells were tested for tryphan blue leakage after peptide incubation for 30 minutes. Only at high concentrations of peptide (>35 µM) some tryphan blue could be determined inside the cell, especially in areas in the nucleus.
Hemolysis of erythrocytes can also be indicative for lytic effect of the peptides on eukaryotic cell membranes. Hemolysis of erythrocytes from several species was tested with the panel of E rns peptides (Table 1) . The different peptides show a broad range of hemolytic activities on guinee pig erythrocytes. The peptide with the highest translocation activity (residues 194 -220) has a low hemolytic activity. No significant hemolysis was observed with sheep and human erythrocytes. The effect of the E rns peptide on cell growth of HeLa cells and EBTr cells was determined in a clonogenicity assay as shown in Table 3 . These data correspond to the other toxicity assays and indicate that the translocation activity is much higher than the cytotoxic activity. Membrane potential. Because the translocation seemed energy independent, it was tested whether the membrane potential could be the driving force for translocation. Because membrane activity measured with a hemolysis test correlated to some extent with translocation activity, the influence of membrane potential on hemolysis of human red blood cells was tested. Hemolysis is a straightforward test to study membrane activity and the membrane potential of erythrocytes can be easily manipulated by changing the sodium concentration in the medium.
Hemolysis at membrane potentials of -9 mV and -70 mV shows that hemolysis was much higher at higher membrane potential ( Figure 9 ).
Discussion
The Pestiviral surface protein E rns is unique because it is the only known viral surface protein with RNase activity (13, 14) . Although the biological function of the protein is not understood, it may be possible that, just as ribotoxins, the target for the protein is intracellular or intranuclear RNA. Therefore, we anticipated that the molecule had some kind of way to enter the cell. However, except for some specialized proteins like toxins, internalization of macromolecules can only be achieved through the classical endocytosis pathway.
In this study, it was shown that the entire recombinant E rns dimer was indeed able to translocate into cells. Sequence analysis indicated that the first 190 residues of E rns show homology to RNases of the T2/S superfamily and that the C-terminal 37 residues probably fold as a separate domain (Langedijk et al., in preparation). This C-terminal domain is nonglycosylated, highly positively charged, amphipathic and shows a slight homology with the pore-forming, antibacterial peptide magainin, and with a large loop in type II ribotoxins, which was expected to bind cell surfaces (27) . Therefore, the C-terminal domain of E rns was most likely responsible for the translocation activity. It was demonstrated that indeed, a peptide of 37 residues corresponding to the C-terminal domain of E rns translocates very efficiently over the plasma membrane of all tested cell types of a wide variety of species. The peptide is targeted to the nucleoli and to cytoplasmic membranes and localizes in the same areas as other known transport peptides like the HIV-1 Tat and Antennapedia peptide (data not shown). The translocation is very fast (< 1 minute), it is energy independent and receptor independent.
The independence of binding to a saturable receptor agrees with the lack of cell specificity and suggests that the peptide interacts directly with fosfolipids, as has been described for another transport peptide (30) . Because the hemolytic activity correlated to some extent with translocation activity, the influence was tested of membrane potential on hemolysis of human red blood cells. Figure 9 shows that the membrane activity was dependent on the membrane potential. Since the translocation is energy independent, the membrane potential may therefore be the driving force for translocation.
Because the elucidation of the translocating E rns peptide was inspired by the homology with magainin and the ribotoxin L3 loop, it was also tested whether a peptide corresponding to the L3 loop had translocating activity. Although previously another, more hydrophobic region of alpha-sarcin was shown to interact with membranes (31), in this study it was shown that a more N-terminally located peptide corresponding to the restrictocin L3 loop had translocation activity ( Figure 6 ). Perhaps both regions contribute to membrane translocation in the native protein.
To elucidate the exact region of the peptides responsible for translocation, panels of E rns peptides and restrictocin peptides with different lengths were synthesized. The most active translocating E rns peptide was 10 residues shorter (residue 194-220) then the full-length Cterminal peptide of E rns (191-227) and it was less toxic ( Table 1 ). The most active translocating restrictocin L3 peptide was 13 residues long, which corresponds to the Nterminal half of the L3 loop, before the cystine bridge which devides the loop in two parts in the native protein. Just like other known transporter peptides, the mapping showed that basic residues were important for translocation activity.
The homology between the most active restrictocin L3 and the E rns peptide is only two small sequence motifs (GR and GK) which is much lower compared with the homology between E rns peptide and magainin, which has no translocation activity ( Figure 6 ). Magainin forms a perfect amphipathic helix, thus amphipathicity is not important for transport peptides. In contrast to the E rns peptide, the L3 loop peptide has no amphipathicity when represented as a helix. Furthermore, the L3 loop contains a helix-breaking proline. It has been suggested that there may be several different translocation mechanisms for the different peptides and that they not necessarily have to form a helix (32) . Recently, several transport peptides have been discovered which all have a very different origin and no obvious sequence homology can be observed (16, 18, (32) (33) (34) . The only resemblance is the high amount of positive charges. The mapping experiments also proved that the peptide did not only translocate itself and a biotin molecule, but also peptide cargoes could be transported. Next, it was shown that the peptide could be used as a general transporter for proteins different from E rns . Streptavidin and avidin, which have different physical characteristics, could be transported into cells when complexed to the E rns peptide. The labeled proteins were targeted to the same intracellular regions as the peptide and are concentrated in vesicle-like structures around the nucleus and spread through the cytoplasm. In contrast to recombinant E rns , nucleoli targeting was observed, although it was less pronounced than the peptide (Figure 7 ). Even the enzymes HRP and β-Gal conjugated to streptavidin could be efficiently transported into cells when complexed with the E rns peptide. Internalized enzymes retained their activity and clear substrate conversion was observed in the nucleoli. Especially the streptavidin-β-Gal conjugate which has a Mw as high as 524 kD and a pI as low as 4.6 illustrates the remarkable efficacy of the transport peptide. In contrast, the restrictocin L3 peptide was not able to translocate the selected protein cargoes. Perhaps the difference in transport ability of the two peptides is based on the pI which is lower for the L3 peptide (pI = 10.7) compared with the E rns peptide (pI = 12.7). Accordingly, the transport ability of the peptides may be increased increasing the pI of the peptides. Another difference between both peptides is that L3 is an internal peptide and the E rns peptide is originally a terminal peptide and for that reason may be more efficient in the described experiments in which it was terminally attached.
The demonstration of a translocation domain within E rns adds a novel facet to this so far poorly understood pestiviral glycoprotein and may encourage studies on how a secreted RNase is involved in the survival strategy of an RNA virus. The function of E rns and the function of its RNase activity remains elusive but the translocation suggests that it may control protein synthesis and transcription in infected cells as well as non-infected cells.
The E rns peptide and the ribotoxin L3 peptide may be used as a delivery tool to transport a diverse set of potential therapeutics inside the cell. or fluorescent micrograph using confocal microscope (600 X) (c). Transport of avidin and streptavidin. Influence of membrane potential on hemolysis of human erythrocytes. Erythrocytes were suspended in a buffer (10 mM Hepes/150 mM (NaCl + KCl)/ 1 mM EDTA, pH 7.4) containing 97 mM (-9 mV) or 4 mM (-70 mV) K + . The transmembrane potential was generated by addition of valinomycin. 
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